Isolates of yellow fever (YF) virus from Africa (Senegambia, Central African Republic, Ivory Coast, Burkina Faso) and from South America (Panama, Ecuador, Trinidad) were examined by oligonucleotide fingerprinting of the 40S genome RNA. Geographically isolated and epidemiologically unrelated viruses were very distinct. On the basis of the T1 oligonucleotide fingerprints of each isolate, four geographical variants (topotypes) of YF virus isolated within the same period of time have been established. The Ivory Coast and Burkina Faso topotypes were similar. In the Central African Republic, two variants could be found exhibiting 70 to 75 ~ homology to one another. In South America, the three analysed strains exhibited only about 70% homology, but could be classified in the same topotype. The oligonucleotide fingerprints of the genome RNA offered a useful tool for the understanding of YF virus variability.
Within the last two decades, many serious outbreaks of yellow fever (YF) have occurred in Africa and South America (WHO, 1980a (WHO, , b, 1983 (WHO, , 1984 . In tropical Africa, this flavivirus is endemic in equatorial moist forest and savannahs. Transmission to man occurs principally in the marginal part of the endemic area, referred to as the 'emergence zone' by Germain et al. (1982) . Central African Republic and Ivory Coast are included in the emergence zone whereas South of Senegal, Gambia and Bobo-Dioulasso in Burkina Faso (Upper Volta) are situated on its fringe. Epidemics occur in the subsahelian and sahelian savannah belts, where YF virus is occasionally introduced by viraemic humans or monkeys coming from the emergence zone; Aedes aegypti is the principal epidemic vector in these areas. However, in rural zones in some areas, interhuman transmission can be effected by silvatic vectors. In the Americas, the chief vector of jungle YF is Haemagogus; there has been no case of interhuman transmission of YF by A. aegypti for 30 years.
Oligonucleotide fingerprints have proved to be powerful tools in the epidemiologicat analysis of several flaviviruses and have allowed classification of geographical variants (topotypes) of serologically indistinguishable strains (Trent et al., 1981 (Trent et al., , 1983 Repik et al., 1983) . Moreover, the fact that flavivirus genomes evolve relatively slowly was confirmed by a genetic study of 17 Senegalese YF virus strains isolated during an 18 year period (Deubel et al., 1985) . In order to support epidemiological investigations of YF , strains isolated in different epidemiological contexts in Africa and South America were subjected to molecular analysis. 
. African and South American YF virus isolates used.
Sixteen YF strains from four countries in Africa and three countries in South America ( Fig. 1 ) were compared by RNA oligonucleotide fingerprinting. YF virus strains selected for study had been passed up to six times in mammals or cell culture systems; in a previous study we showed that passage did not interfere with RNA fingerprint patterns (Deubel et al., 1985) . Strains were grown in A. pseudoscutellaris AP 61 cells (Varma et al., 1974) and analysed by RNA oligonucleotide fingerprinting as previously described (De Wachter & Fiefs, 1972; Clewley et al., 1977; Deubel et al,, 1985) ; autoradiographs were visually compared using internal dye markers as reference points. A previously studied Senegalese ArD 24553/76 strain (Deubel et al., 1985) was used as reference. It was obvious that all viral strains were totally distinct in their large oligonucleotide when compared to the reference strain (Fig. 2) . Some of the strains, however, showed sufficient similarities to be grouped together. For each similarity group, one strain was arbitrarily chosen as a representative (Fig. 2) . Strains grouped on the basis of similarity in their RNA maps also corresponded to geographical areas, namely Central African Republic (strain ArB 14860/81, Fig. 2b ), Ivory Coast and Burkina Faso (Upper Volta) (ArA 7705/82, Fig. 2c ) and the Americas (614819/74, Fig. 2d ). Few large oligonucleotides of each reference strain were shared between groups, suggesting that they represented different geographical genotypes (topotypes). The fingerprint analysis of these isolates is summarized in Table 1 . The characteristics of each topotype are analysed below.
The four YF strains analysed from Central African Republic originated from an area situated to the north of Bangui, characterized by savannah at Bozo and by mosaic forest savannah at Bouboui . The origin of one of the strains, WBT 1927/78, was somewhat uncertain since it was isolated from eggs of a tick collected at Bangui from a cow, which may have migrated from the north of the Central African Republic. The other three strains were isolated from A. africanus mosquitoes. The two virus strains isolated at Bozo 7 years apart shared 75~ of their large oligonucleotides (Table 1 ). The first one (ArB 5656/74) exhibited 93~ homology with the strain isolated from the tick, whereas the second (ArB 14860/81) was very ;imilar to strain ArB 11528/79 isolated at Bouboui ( 9 7~ homology). From these results it lppears that the virus underwent genetic changes between 1978 and 1979, or that two variants :xisted in the country. In the latter case, two viruses were present at Bozo in the same period of Jme or else the one found at Bouboui was introduced between 1975 and 1981.
The Ivory Coast-Burkina Faso (Upper Volta) isolates were as follows. In 1982, human Y F roses were documented in the Ivory Coast (Lhuillier et al., 1985) . Strain H A 85/82 was isolated "rom a patient during the rural epidemic at M'Bahiakro, where A. aegypti was responsible for m e r h u m a n transmission. The ArA 7919/82 strain was isolated from A. luteocephalus at Dabakala where human cases of YF had been reported. Finally, some months later, a few YF strains were isolated at Kong, in the north of Dabakala, including A r A 7705/82 isolated from 4. luteocephalus, which was selected as the reference strain (Fig. 2c) . The results of R N A fingerprinting (Table 1) showed 100K homology in oligonucleotide patterns, indicating that a similar virus circulated throughout the country. At the end of 1983, a YF epidemic 9ccurred in the dry savannah of south-east Burkina Faso (Baudon et al., 1984) ; two strains tnalysed were isolated from A.furcifer (ArD 38331/83) and from a post-mortem hepatic sample ~HD 38559/83). The two strains were closely related ( 8 8~ and 94~o respectively) to the ArA 7705/82 reference strain isolated in the preceding year in the Ivory Coast (Table I) . Two other YF strains were isolated in the same year in western Burkina Faso, outside the epidemic area: et al. (1985) .
ArA 4594/83 from A. luteoeephalus and HA 722/83 from a human case. These strains were identical or very similar to the reference strain (Table 1 ). The ArD 408/78 strain isolated in 1978 in Burkina Faso exhibited at least 90~ homology with the strain subsequently isolated. Thus, the same topotype was present concomitantly in the Ivory Coast and Burkina Faso, with only small variations in the genome of these viruses over a period of 6 years. Three strains from different countries in the Americas isolated within 5 years were analysed. Although sufficiently related to be classified in a single topotype, these viruses, however, were genetically quite distinct with a percentage of homology in their large oligonucleotides of 69~ (Panama-Ecuador), 77~ (Panama-Trinidad) and . No relationships between the American and African YF strains were seen in the oligonucleotide maps.
Based on our oligonucleotide fingerprint data, at least four genetically distinct groups of viruses each represented by a topotype strain were distinguished in Africa and the Americas. These groupings corresponded to regions, thereby providing a classification useful in epidemiological investigations of YF. In western and central Africa, we found three distinct genotypes of YF virus, implying that biological or ecological barriers may limit geographical spread of YF virus. In contrast, YF strains isolated in widely separated areas of South America were classified as the same topotype, suggesting less opportunity for genetic change in the relatively homogeneous ecology of the Amazon region where YF moves continually in epizootic waves. In a previous study of YF virus strains from Senegal (Deubel et al., 1985) , we showed that strains with similar genotypes were present throughout a large area, despite differences in source and ecological setting. Stability of YF virus genomes was found in the same location from one year to another, with only minor variations perhaps occurring during vector or host selection. Relatively few virus isolates have been analysed in a given area and time frame, however, to provide firm conclusions on the genetic evolution or selection of viruses. Moreover, RNA oligonucleotide mapping as a technique for comparative studies is limited by the fact that only a relatively small proportion (10 to 15 ~) of the genome is analysed. Further studies on YF virus strains are required and could include genetic sequencing and monoclonal antibody analysis in order to correlate genetic variations with modifications expressed in structural components and antigenic functions.
